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Abstract

Background. The course of Bipolar Disorder (BD) is highly variable, with marked inter and
intra-individual differences in symptoms and functioning. In this study, we identified illness
trajectories across major clinical domains that could have etiological, prognostic, and
therapeutic relevance.
Methods. Using the Systematic Treatment Enhancement Program for Bipolar Disorder
(STEP-BD) study, we performed univariate and multivariate trajectory modeling of depressive
symptoms, manic symptoms, and psychosocial functioning. Multinomial regression was
performed to identify baseline variables associated with poor outcome trajectories.
Results. Depressive symptoms predominated, with most subjects being found in trajectories
characterized by various degrees of depressive symptoms and 13% of subjects being classified
in a poor outcome ‘persistently depressed’ trajectory. Most subjects experienced few manic
symptoms, although approximately 10% of subjects followed a trajectory of persistently
manic symptoms. Trajectory analysis of psychosocial functioning showed impairment in
most of the sample, with little improvement during follow up. Multi-trajectory analyses high-
lighted significant impairment in subjects with persistently mixed and persistently depressed
trajectories of illness. In general, poor outcome trajectories were marked by lower educational
attainment, higher unemployment and disability, and a greater likelihood of adverse clinical
features (rapid cycling and suicide attempts) and comorbid diagnoses (anxiety disorders,
PTSD, and substance abuse/dependence disorders).
Conclusions. Subjects with BD can be classified into several trajectories of clinically relevant
domains that are prognostically relevant and show differing degrees of associations with a
broad range of negative clinical risk factors. The highest level of psychosocial disability was
found in subjects with chronic mixed and depressive symptoms, who show limited improve-
ment despite guideline-based treatment.

Introduction

Bipolar disorder (BD) is a common, heterogeneous disorder marked by complex etiology and
highly variable clinical presentation, longitudinal course, and response to treatment. Our abil-
ity to predict longitudinal outcome (prognosis) is currently limited, representing a significant
challenge for implementing personalized approaches to the treatment of BD. Although sub-
types of the disorder have been specified based on lifetime symptoms and severity (bipolar
I, bipolar II, schizoaffective disorder, and bipolar not otherwise specified), such categories
are often interchangeable across the lifespan and still show prominent prognostic heterogen-
eity within each subtype. Hence there is a need to identify more clinically useful diagnostic
subtypes or domains of illness that better predict longitudinal trajectories of signs, symptoms,
and overall wellbeing. However, in part due to the challenges of conducting long-term studies
in BD, there have been relatively few longitudinal studies of BD, with most studies relying on a
single cross-sectional evaluation.

The importance of clinical course is particularly relevant in studies of adolescents and
young adults, when early manifestations of illness are less diagnostic. This has motivated sev-
eral recent longitudinal studies that have provided important insights of the early manifest-
ation of the disorder. The largest of these studies, the Course and Outcome of Bipolar
Youth (COBY) study, followed 413 children and adolescents diagnosed with BD or a BD
Spectrum diagnosis for four years, and found a predominantly episodic course for major
mood syndromes while also highlighting the presence of a sizeable number of subjects
(38% of all participants) with persistent subsyndromal mixed and depressive symptoms
(Birmaher et al., 2009). Using structural equation modeling (SEM), the COBY investigators
identified four common latent classes marked by subjects with persistent symptoms, a mod-
erate but chronic course, an improving class, and a largely asymptomatic/euthymic class
(Birmaher et al., 2009). Similar trajectories were also found in a more recent two-year study
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(N = 146) of youths with BD spectrum receiving one of two psy-
chosocial interventions in addition to evidence-based psycho-
pharmacological care (Weintraub et al., 2020).

In adult samples, the main longitudinal studies of BD utilizing
modern diagnostic methods have been the four-site U.S.
Collaborative Depression Study (N = 139 with BD I and 75 with
BD II), and the Stanley Foundation Study of 935 subjects with
BD recruited across four US and three European sites. Both stud-
ies found a greater burden of depressive symptoms relative to
manic symptoms, emphasizing the frequent symptomatic nature
of BD despite naturalistic treatment (Judd et al., 2002, 2003;
Post et al., 2021). More recently, Cochran et al., followed a longi-
tudinal sample of 209 subjects with BD-type I and applied
machine learning to identify three latent classes characterized
by (1) relative euthymia, (2) frequent subsyndromal depression,
and (3) mood instability (Cochran, McInnis, & Forger, 2016).
However, the most extensive longitudinal study of BD to date
has been the Systematic Treatment Enhancement Program for
Bipolar Disorder (STEP-BD), a long-term multisite outpatient
study of over 4000 subjects that included a number of ‘nested’
trials for BD depression, which provided evidence for the efficacy
of adjunctive psychotherapies (Miklowitz et al., 2007) but limited
effect of antidepressant medications (Sachs et al., 2007).

While the above studies have found common evidence for
worsened course with features such as earlier age at onset,
comorbid disorders, and persistent subthreshold symptoms,
there has, to our knowledge, not been a systematic evaluation of
the major clinical domains of longitudinal course that will ultim-
ately be needed to guide individual or sub-group level prognosis.
Hence, in the current study, we sought to leverage the large sam-
ple size and longitudinal measurements available in the STEP-BD
sample to identify trajectories of illness related to three major
domains (depression, mania, and functional capacity) of high
clinical and therapeutic relevance to subjects with BD. We have
used Latent Class Growth Analysis (LCGA), a longitudinal, class-
based extension of structural equation modelling (SEM), to iden-
tify potentially more homogenous subtypes of illness with impli-
cations for etiological, prognostic, and treatment studies
(Cheesman et al., 2018; Kwong et al., 2019). We also apply a
multivariate extension of LCGA to analyze multiple outcome
variables simultaneously, thereby identifying latent clusters
based on similarity in trajectories measured across several
domains of illness (Nagin & Odgers, 2010). Such models may
be particularly relevant in complex, dynamic disorders such as
BD, where symptoms vary within and between traditionally con-
ceptualized ‘episodes’ of illness.

Methods

Samples

We obtained phenotypic data from the STEP-BD study, a large
NIMH-sponsored, multisite, naturalistic study of BD incorporat-
ing measurement-based care that also included several rando-
mized treatment ‘pathways’, depending on the clinical state of
the participant. The available dataset included 4360 subjects
aged 15 to 82, followed every three months for the first year,
then bi-annually for up to 6 subsequent years. Subjects were ini-
tially diagnosed with a modified version of the MINI version 5
(Sheehan et al., 1998) and the Affective Disorder Evaluation
(Sachs et al., 2003), a semi-structured interview including relevant
sections of the SCID (Structured Clinical Interview for DSM

Disorders) (Spitzer, Williams, Gibbon, & First 1992) and system-
atic questions relating to clinical risk factors and overall clinical
course. Subjects were followed for an average of 3.5 years; how-
ever, since missing data rates correlated with participation dur-
ation, we restricted our analyses to the first 12 months of the
study to minimize the effect of subject attrition. In addition, to
avoid potential bias from the active treatment arms of
STEP-BD, we only used subjects in the naturalistic Standardized
Care Pathway (SCP) to reflect the course of illness under standard
clinical care.

Phenotypes

As outcome measures, we selected the most frequently used mood
rating scales for depression and mania [Montgomery–Äsberg
Rating Scale (MADRS), Young Mania Rating Scale (YMRS), as
well as the Life-Range Impaired Functioning Tool (LRIFT) to meas-
ure functional impairment (Leon et al., 1999; Montgomery &
Asberg, 1979; Young, Biggs, Ziegler, & Meyer, 1978). MADRS
and YMRS are clinician-administered scales of 10 and 11 individual
mood-related domains, respectively, that are widely used to measure
mood ratings across time in both naturalistic and therapeutic stud-
ies. LRIFT represents a scale of psychosocial function based on four
domains reflective of daily functioning (work, interpersonal,
recreation, and satisfaction with daily activities) with
high inter-rater reliability and robust psychometric properties
(Leon et al., 1999). All scores were collected at baseline, every
three months for each participant’s first year of study participation,
and every six months until study exit.

After data from the active treatment arms (Randomized Care
Pathway) and duplicate time points within samples were removed,
there were 3927 samples in the MADRS and 3923 in the YMRS
datasets. Of the 3921 samples that overlapped between these
two datasets, 2937 samples had data available for at least two
time points within the first year of measurements within the
SCP. These samples were used for our Latent Class Growth
Analyses (LCGA) of MADRS and YMRS. Of these samples,
2483 also had LRIFT measures in at least two-time points and
were used for the univariate LRIFT model. Most of these samples,
(N = 2442) had sufficient ratings for all three analyses (MADRS,
YMRS and LRIFT) and were used in the multi-trajectory analysis.
The average age of the participants at study entry was 40.5 years
(± 12.8 S.D.), while the average age of onset (of depressive or
manic symptoms) was 17.3 years (± 8.8 S.D.). Subjects
not included in the LCGA showed few differences in covariate
associated clinical characteristics (see below) except for baseline
history of suicidal ideation (40.9% v. 35.7%), a history of rapid
cycling (27.7% v. 24.2%), and earlier age of onset (16.4 v. 17.4
years). There were, however, more prominent differences in base-
line demographics, including: higher rates of Black ancestry (7.6%
v. 4.7%), older interview age (37.3 v. 41 years of age), lower like-
lihood of being married (30.2% v. 38.4%) and lower rates of com-
pletion of college (36% v. 46.0%).

Latent Class Growth Analyses (LCGA)

Longitudinal trajectories were modeled in Mplus version 8
(Muthén & Muthén), using an intercept, a linear slope, and a
quadratic slope (in 2-slope models only). We initially attempted
to use Growth Mixture Models but found that some, but not
all, of the models converged successfully across our main outcome
phenotypes. To maintain comparability across all phenotypes, we
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elected to perform LCGA analyses, acknowledging that the fixed-
variance model was potentially an oversimplification, while often
producing more easily interpretable models (Jung & Wickrama,
2008). Fit statistics used to compare models were the
Lo-Mendell-Rubin statistic, entropy, loglikelihood, Akaike infor-
mation criterion, parsimony, and proportion of samples assigned
to the smallest class (minimum allowable was 5%). Fit statistics of
competing models are shown in online Supplementary Table S1.
Models were initially run first with only a linear slope, followed by
a linear and quadratic slope. Fit statistics were subsequently com-
pared, and models were visually examined for marked differences
in slope showing a substantial change in curvature or class com-
position with the inclusion of a quadrative slope parameter. For
multi-trajectory LCGA, each phenotype was assigned its own
latent growth variables (intercept, linear slope, and quadratic
slope), with only one class variable regressed on all growth vari-
ables. Covariates were not included in the LCGA models in
order to be used for the characterization of the derived latent
classes.

Covariate analyses

We selected 17 common clinical covariates to test across trajectory
classes. For each of the best fitting LCGA models, we performed
multinomial regression modeling in STATA version 15 to exam-
ine the effects of each covariate on latent class membership,
using as a reference the baseline asymptomatic or minimally
symptomatic class. Effect sizes are reported as relative risk ratios,
and association p values are reported before and after Bonferroni
correction for the 17 individual covariates (online Supplementary
Tables S2–S5). Self-reported age, sex, race, educational history,
and employment status were collected at study entry. Given the
small number of subjects in non-white racial categories, we
restricted the analyses to these two most prevalent non-white
racial groups [Black (5.3%) and Asian (2.1%)]. Clinical features
[history of psychosis (‘Psychos2’ variable), age of onset, and the
number of prior depressive and manic episodes] were extracted
from the Affective Disorder Evaluation form. Rapid cycling was
defined as four or more episodes in the past year, based on a
prior STEP-BD publication (Schneck et al., 2008). Lifetime his-
tory of comorbid diagnoses (probable or definite) was extracted
from the Mini International Psychiatric Interview (Sheehan
et al., 1998) performed at study entry. History of alcohol and sub-
stance dependence and abuse were reduced to a single binary vari-
able representing a lifetime diagnosis. History of anxiety was
defined as having or not having (binary) a history of probable
or definite panic disorder, social phobia, or generalized anxiety
disorder. As a diagnosis of PTSD may also be a proxy for child-
hood trauma, this diagnosis was considered a separate category
from the other anxiety disorders.

Results

The final sample size after quality control (see Methods) was 2938
for the analyses of MADRS and YMRS scores, and 2483 for
the analysis of the LRIFT scores, with 2442 samples
available for the analyses of all three phenotypes. Of these sam-
ples, 65.3% were diagnosed with Bipolar Disorder type I (BD-I),
26.8% with Bipolar Disorder type II (BD-II), 6.3% with Bipolar
Disorder-Not Otherwise Specified (BD-NOS), and 1.5% with
Schizoaffective Disorder, Bipolar Type. The average age at entry
was 40.48 years old, and the average age of onset was 17.3 years

of age. Overall MADRS, YMRS, and LRIFT scores (mean entry
values of 16.1, 6.8, and 11.6, respectively), reflected initial moder-
ate levels of symptoms and showed a clear trend towards symp-
tom improvement (YMRS: β = −0.44, p = 1.51 × 10−17; MADRS:
β = −0.90, p = 2.87 × 10−29; LRIFT: β =−0.25, p = 3.07 × 10−26)
between study entry and the final 12-month assessment.

Trajectories of depressive, manic and psychosocial functional
domains

As shown in Table 1, the best fitting models for most longitudinal
latent classes were represented by linear slopes, except for manic
symptoms, which showed a significantly improved fit with a two-
slope, quadratic model. In general, model fit significantly
increased with increasing numbers of classes (max = 4) for all
models except the univariate LGCA of manic symptoms, where
the 3-class model had the best fit. Figures 1 to 3 show the results
of the univariate latent class trajectory analyses.

Longitudinal trends in depressive symptoms (Fig. 1a, online
Supplementary Table S2) were best characterized by four classes,
described as ‘persistently depressed’ (N = 391; 13.3%), ‘worsening
depression’ (N = 153; 5.2%), ‘improving but moderate depression’
(N = 1030; 35.1%), and ‘non-depressed’ (N = 1364; 46.4%). The
large ‘improving but moderate depression’ class showed changes
in symptoms across the 12 months but was still marked by
depressive symptoms at the end of the follow-up period (end
mean MADRS score of 12.2 ± 6.8). Compared to the baseline
‘non-depressed’ class (Fig. 1b), trajectory-based classes with
more persistent symptoms were marked by lower educational
attainment, a greater likelihood of being unemployed and dis-
abled, and had a greater prevalence of more morbid clinical fea-
tures (history of rapid cycling and suicide attempts) and
comorbid diagnoses (anxiety disorder, PTSD, and substance
abuse/dependence disorders). However, there was no association
with earlier age at onset or a lifetime history of psychotic features.

Manic symptoms (Fig. 2a, online Supplementary Table S3)
were less prevalent, less severe, and best captured by a three-class
model with both linear and quadratic slopes. We characterized
these classes as a ‘persistent manic symptoms’ (N = 284; 9.7%);
an ‘improving manic symptoms’ class (N = 349; 11.9%); and a
baseline, ‘non-manic’ (N = 2305; 78.5%) class. The overall preva-
lence of manic symptoms was lower compared to depressive
symptoms, with most subjects (78%) having no or very minimal
manic symptoms throughout the follow-up period. Baseline pre-
dictors of class membership are shown in Fig. 2b. Compared to
the baseline class, subjects with a persistent manic trajectory
had lower educational status but were more likely to have been
diagnosed with schizoaffective disorder and to have experienced
greater antecedent clinical morbidity and comorbid anxiety and
substance abuse disorders.

In the univariate LCGA of psychosocial functioning using the
Life-Range of Impaired Functioning Tool (LRIFT), the best fitting
model converged on four linear classes (Fig. 3a, online
Supplementary Table S4). In contrast to the depressive and
manic symptom-based classes, psychosocial functioning showed
relatively consistent levels of functional impairment across time,
with a trend towards small improvement in all classes. We have
characterized these functional classes as ‘severely impaired’
(N = 287, 11.6%), ‘moderately impaired’ (N = 715; 28.8%), ‘mildly
impaired’ (N = 1092; 44.0%), and ‘unimpaired’ (N = 390; 15.7%).
Baseline predictors showed a clear dose-response relationship
(Fig. 3b), with increasing associations of less favorable
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demographic variables (low educational attainment and
unemployment/disability), negative clinical features, and
comorbid disorders. Notably, there were no association between
the functioning-based trajectories and DSM-based BD subtypes.

Multi-trajectory analyses of co-occurring symptoms and
psychosocial functioning

In complex disorders such as BD, various domains of symptoms
and functioning levels may be co-occurring and influence the tra-
jectory of an individual. To better model the combined effects of
clinical (manic and depressive) symptoms and their relationship
to psychosocial functioning, we performed multi-trajectory mod-
eling of the three domains described above in univariate analyses.
This joint analysis identifies groups of individuals that follow a
distinct combination of longitudinal courses across symptoms
domains, as measured by the depression (MADRS), mania
(YMRS), and psychosocial functioning rating scales (LRIFT). As
shown in Fig. 4a and online Supplementary Table S5, the multi-
trajectory analysis identified four classes labelled as: (1) ‘minim-
ally symptomatic’ (N = 894; 36.6%); (2) ‘persistent moderate
depression and moderate impairment’ (N = 965; 39.5%); (3)
‘persistently depressed and impaired’ (N = 358, 14.7%); and (4)
‘persistently mixed’ (N = 226; 9.3%) with moderate impairment.
Notably, the large class of subjects with minimal depressive or
manic symptoms (Fig. 4 ‘minimal depression’ group) still showed
evidence of moderate but persistent psychosocial impairment.
The second major group (‘persistent moderate depression’) was
characterized by more prominent but improving depressive symp-
toms and a more significant degree of psychosocial impairment.
The class with consistent, mild to moderate manic symptoms
(‘persistent mixed symptoms’) was similarly marked by persistent,
moderate depressive symptoms and disability, with limited
improvement in any symptoms domains. Finally, 15% of subjects
experienced a more severe and enduring depression with minimal
manic symptoms; this class of subjects (‘persistently depressed
and impaired’) were also found to have the greatest burden of psy-
chosocial disability.

As expected (Fig. 4b), subjects with persistent, severe depres-
sion and persistent manic symptoms were associated with
decreased educational attainment, a higher likelihood of being
disabled and unemployed, and a greater lifetime prevalence of
negative illness features (earlier age at onset, more frequent histor-
ies of rapid cycling and suicide attempts, and higher rates of
comorbid anxiety and substance abuse disorders). History of
psychotic symptoms was generally associated with a better illness
course, as was self-reported Asian ancestry. In the only significant
association with Black race in our study, there was a nominally
significant increase in membership in the ‘persistently mixed
symptoms’ class (relative risk ratio = 2.5, p = 0.0042).

Discussion

Bipolar Disorder is a syndrome with marked inter and
intra-individual clinical heterogeneity. Characterizing the longitu-
dinal course of the illness is necessary for predictive models and
potentially for informing the type (or degree) of intervention for
an individual patient. Toward this end, we sought to identify data-
driven subtypes of illness using major classes of symptom
domains and functioning in the STEP-BD sample, a large effect-
iveness study that still represents the largest phenotyped cohorts
of BD subjects available. Depressive symptoms were moreTa
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Fig. 1. (a) Course Trajectories based on Longitudinal Class Grow Analyses (LCGA) of Depressive Symptoms using scores from the Montgomery–Äsberg Rating Scale (MADRS); (b) Results from multinomial regression analysis using the
‘non-depressed’ class as the reference group.
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Fig. 2. (a) Course Trajectories based on Longitudinal Class Grow Analyses (LCGA) of Manic Symptoms using scores from the Young Mania Rating Scale (YMRS); (b) Results from multinomial regression analysis using the ‘non-manic’
class as the reference group.
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Fig. 3. (a) Course Trajectories based on Longitudinal Class Grow Analyses (LCGA) of Psychosocial Functioning using the Life-Range Impaired Functioning Tool (LRIFT) scale; (b) Results from multinomial regression analysis using the
‘unimpaired’ class as the reference group.
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Fig. 4. (a) Course Trajectories based on Multi-Trajectory Longitudinal Class Grow Analyses (LCGA) of Depressive Symptoms (MADRS), Manic Symptoms (YMRS), and psychosocial functioning (LRIFT); (b) Results from multinomial
regression analysis using the ‘minimally symptomatic’ class as the reference group.
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prevalent than manic symptoms, and while many subjects had a
relatively benign course, a small but significant number of sub-
jects were found to have persistent manic (N = 284; 9.7%) and
depressive (N = 391; 13.3%) symptoms despite receiving
guideline-based treatment. While depressive or manic symptoms
generally improved during the follow-up period, impairments in
psychosocial functioning remained relatively unchanged. In the
multivariate trajectory analysis, we found that subjects with per-
sistent mild to moderate hypomanic symptoms also experienced
persistent depressive symptoms, consistent with a subclass of sub-
jects with bipolar disorder who may suffer from a trait-like occur-
rence of mixed states (Akiskal, 1996; Sato et al., 2004).
Nevertheless, it is notable that the most impaired class was
marked solely by chronic depressive symptoms, consistent with
a previously shown stronger association between depressive symp-
toms and psychosocial impairment (Judd et al., 2005).

Overall, the analyses of baseline clinical covariates showed
similar but increasing associations between indicators of poorer
health and clinical severity, and trajectories marked by more per-
sistent symptoms and greater functional impairment. In terms of
demographic risk factors, there was little effect of current age,
female sex, or marital status. Compared to subjects of white
race, subjects of Asian descent were generally associated with
class membership in the baseline (minimally symptomatic)
classes, whereas those of self-reported Black race were more likely
to be found in the chronic mixed category. However, due to the
small number of subjects of Asian (N = 51, 2.1%) or Black race
(N = 104, 4.2%), no association met significance after correction
for multiple testing. On the other hand, low educational attain-
ment and current unemployment and disability were consistently
associated with poorer outcome classes across all tested symptom
and functional domains. These broad but ubiquitous indices of
poorer outcomes may represent risk factors that are consequences
of having bipolar disorder, although there is also moderate evi-
dence from Mendelian Randomization studies consistent with a
potential causal role (Mullins et al., 2020; Wendt et al., 2021).
Interestingly, in epidemiological studies, BD is generally asso-
ciated with increased educational attainment (e.g. MacCabe
et al., 2010), highlighting the heuristic value of utilizing longitu-
dinal courses to identify subgroups of patients that differ from
the average and may require alternative or more intensive clinical
care.

Like the demographic risk factors, baseline clinical features
indicative of more active illness (earlier age at onset, rapid cycling,
and history of suicide attempt) and comorbid disorders (particu-
larly anxiety and substance abuse disorders) were almost ubiqui-
tously associated with the more severe illness trajectories. Stronger
associations were seen in poorer outcome trajectories across
depressive, manic, and functional domains. These clinical factors
are well known to be associated with greater overall morbidity
(Bauer et al., 2018; Goes et al., 2012b; Post et al., 2021), decreased
responsiveness to first-line mood stabilizers (Calabrese et al.,
2005; Tohen et al., 2007), and represent, with the exception of
rapid cycling, transdiagnostic risk factors increasingly the focus
of attention in clinical care in general (Hickie et al., 2019).
Perhaps surprisingly, the lifetime presence of psychotic symptoms
was primarily associated with membership in the baseline refer-
ence classes with few active symptoms. One hypothesis to explain
this unexpected association could be that the designation of
psychosis in the STEP-BD was limited to only a few relative
broad questions from the MINI diagnostic interview, whereas a
more fine-grained assessment of psychotic symptoms and their

duration may have facilitated the identification of a subset of sub-
jects with more persistent or problematic psychotic features (Goes
et al., 2012a). Alternatively, it is also conceivable that psychotic
symptoms are more linked to episodic, ‘classic’ forms of bipolar
disorder, which may manifest a less symptomatic and higher
functioning baseline when outside of well-demarcated
episodes (Burton et al., 2018).

In contrast to the above clinical features, DSM-based subtypes
of illness (BD-type II, BD-NOS, and schizoaffective disorder)
showed fewer clear associations and none surviving correction
for multiple testing (online Supplementary Tables S2–S5).
Schizoaffective disorder was overrepresented in the persistently
manic class; there were no clear associations between
DSM-based subtypes of illness and trajectories of depressive
symptoms or psychosocial functioning. This lack of association
across the DSM-based subtypes highlights the known limitations
of current diagnostic approaches and reiterates the need for alter-
native approaches that more directly address residual symptoms
experienced in BD.

To our knowledge, this analysis is among the first and the
largest longitudinal trajectory analyses of BD. If replicated and
sufficiently generalizable, our results have several clinical implica-
tions. First, they highlight the importance of early identification
and focused treatment for patients within the class of persistent
symptoms that appear minimally responsive to conventional
treatments. High comorbidity and occupational dysfunction asso-
ciated with these classes point to the need for multi-dimensional
treatment approaches earlier in the illness course to mitigate the
extent of ‘multi-morbidity’ often seen in poor-outcome BD.
Second, the very modest improvements in psychosocial function-
ing obtained with conventional care underscore the need for novel
approaches that more specifically target functional impairment
(Torrent et al., 2013). Third, our multivariate analyses reveal
that a sizeable minority of subjects (N = 226, 9.3%) experienced
persistently mixed symptoms throughout the course of the
study, suggesting that mixed symptoms may also have trait-like
manifestations in addition to their traditional conceptualization
as transient or brief episodic states.

Limitations

There are several limitations of the sample that may limit the
external validity of our analyses. First, as is common in the
follow-up of subjects with active psychiatric illness (Etain et al.,
2021; Findling et al., 2013), there was attrition throughout the
study, leading us to restrict our analyses to the first year of
follow-up. Our results may therefore be less applicable to the size-
able number of subjects who entered the study but dropped out
within a year of follow-up – subjects who, as described in the
Methods, were notable for higher rates of unfavorable baseline
demographic features. Second, although the STEP-BD sample is
more clinically representative than most clinical trials (Bowden
et al., 2012), racial and ethnic diversity was still limited, and
there was likely to have been selected for less acutely severe
patients (who may be more likely to agree to participate in a lon-
gitudinal outpatient study). Third, the composition of subjects
also did not generally include children or adolescents, limiting
our ability to study early childhood risk factors relevant for the
course of illness. Fourth, all subjects in STEP-BD received guide-
line base but “uncontrolled” clinical care, during the follow-up
period. Hence, the trajectories described in our analyses cannot
be said to represent a natural history of the illness, representing
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instead an ‘observed’ history under usual clinical care. Fifth, the
degree of granularity in the dataset was also a likely limitation
since measures of clinical state were performed every three
months, representing a potentially crude, averaged recollection
of symptoms that may fluctuate and change on a much shorter
time scale.

Moreover, we note two important limitations of our modeling
strategies. First is the acknowledgment that the key assumption of
LGCA, fixed intra-class variance, is an oversimple assumption
made for modeling efficiency. Second, we note that due to rela-
tively low levels of entropy (<0.8), in the psychosocial functioning
model, class membership was not as certain as it was for the other
models. Therefore, class size and covariate effects may have been
misestimated and these results should be taken as preliminary
until replication is performed in an independent sample.

Conclusions

Improved understanding and prediction of the longitudinal
course of bipolar disorder are among the most important
advancements needed to help usher in an era of personalized
treatment. Our results show that adults with BD can be character-
ized in partially distinct classes, which are differentially associated
with common risk factors that may merit earlier and more perso-
nalized interventions. Future research will be needed to generalize
our findings to more diverse and clinically representative samples,
and to link these common, often transdiagnostic, risk factors with
therapeutically actionable interventions.

Supplementary material. The supplementary material for this article can
be found at https://doi.org/10.1017/S0033291722001489
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